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CLAIMS 

We claim: 

1 . An integrated circuit comprising: 
a substrate; and 

5 a tfiin film of a layered superlattice material formed on said substrate, said thin 

film comprising an element selected from the group consisting of cerium, 
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium, and lutetium. 

2. An integrated circuit as in claim 1 wherein said thin film of a layered 
10 superlattice material also includes bismuth. 

3. An integrated circuit as in claim 1 wherein said thin film of a layered 
superlattice material also includes titanium. 

4. An integrated circuit as in claim 1 wherein said element comprises 
cerium. 

15 5. An integrated circuit as in claim 1 wherein said element comprises 

neodymium. 

6. An integrated circuit as in claim 1 wherein said element comprises 
dysprosium. 

7. An integrated circuit as in claim 1 wherein said element comprises 
20 gadolinium. 

8. An integrated circuit as in claim 1 wherein said thin film is ferroelectric. 

9. An integrated circuit as in claim 8 wherein said thin film forms part of a 
memory. 

10. An integrated circuit as in claim 1 wherein said thin film forms part of a 
25 memory. 

11. An integrated circuit comprising: 
a substrate; and 

a thin film of a layered superlattice material formed on said substrate, said 
layered superlattice material including an A-site element, a B-site element, a 
30 superlattice generator element, and an anion, said A-site element comprising an 
element selected from the group consisting of lanthanum, cerium, praseodymium. 

Doc. No. 3338 

-43- 



13176.206 

neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, 
holmium, erbium, tliuiium, ytterbium, and lutetium. 

12. An integrated circuit as in claim 11 wherein said thin film of a layered 
superlattice material also includes bismuth. 
5 13. An integrated circuit as in claim 11 wherein said thin film of a layered 

superlattice material also includes titanium. 

14. An integrated circuit as in claim 11 wherein said element comprises 
lanthanum. 

15. An integrated circuit as in claim 11 wherein said element comprises 
10 neodymium. 

16. An integrated circuit as in claim 11 wherein said element comprises 
dysprosium. 

17. An integrated circuit as in claim 11 wherein said element comprises 
gadolinium. 

15 18. An integrated circuit as in claim 1 1 wherein said thin film is ferroelectric. 

19. An integrated circuit as in claim 18 wherein said thin film forms part of 
a memory. 

20. An integrated circuit as in claim 1 1 wherein said thin film forms part of 
a memory. 

20 21. An integrated circuit comprising; 

a substrate; and 

a thin film of a layered superlattice material formed on said substrate, said thin 
film having the formula A^i(Bii.xLanx)2M^03^^3, where A is an A-site element, M is a 
B-site element, O is oxygen, and m is an integer or a fraction, Lan represents one or 
25 more of the materials selected from the group consisting of lanthanum, cerium, 
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium, 
dysprosium, holmium, erbium, thulium, ytterbium, and lutetium, and 0 < x < 1. 

22. An integrated circuit as in claim 21 wherein said layered superlattice 
material has the formula (Bii.xLanx)4Ti30i2- 
30 23. An integrated circuit as in claim 21 wherein 0.1 < x < 0.9. 

24. An integrated circuit as in claim 23 wherein 0.1 < x < 0.5. 
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25. An integrated circuit as in claim 21 wherein said formula comprises A(Bii. 
xLanx)2Tai.yNbyOg where A = Sr, Ca, Ba, or Pb and 1 < y < 0. 

26. An integrated circuit as in claim 21 wherein said formula comprises (Bi,. 
xLanx)2Bi4Ti30i5. 

5 27. An integrated circuit as in claim 21 wherein said formula comprises A(Bii. 

xLanx)4Ti40i5 where A = Sr, Ca, Ba, or Pb. 

28. An integrated circuit as in claim 21 wherein said formula comprises 
A2(Bii.xLanx)4Ti50i8, where A = Sr, Ca, Ba, or Pb. 

29. An integrated circuit as in claim 21 wherein said formula comprises (A^. 
10 iLanf2ra]z)m-iBi2Mm03m+3. whero A is an A-site element other than a lanthanide, M is a B- 

site element, Lan is one or more of lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, teriaium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutetium, 0 < z < 1 and m is an integer or a fraction. 

30. An integrated circuit as in claim 29 wherein 0.1 < z < 0.9. 
15 31 . An integrated circuit as in claim 29 wherein 0.1 ^ z ^ 0.5. 

32. An integrated circuit as in claim 29 wherein said formula comprises 
Lan2/3Bi2TayNbi.y09, where 0 < y < 1 . 

33. An integrated circuit as in claim 21 wherein said formula comprises (A^. 
zLan[2/3]zL-i(Bii.xl-an,)2M^03^.3, where 0 < z < 1 . 

20 34. An integrated circuit as in claim 33 wherein said formula comprises {B\^. 

2Lanz)2/3(Bii.xLanx)2B209, where B is a B-site element. 

35. An integrated circuit as in claim 21 wherein said thin film of a layered 
superiattice material includes titanium. 

36. An integrated circuit as in claim 21 wherein said Lan represents 
25 lanthanum. 

37. An integrated circuit as in claim 21 wherein said Lan represents 
neodymium. 

38. An integrated circuit as in claim 21 wherein said Lan represents 
dysprosium. 

30 39. An integrated circuit as in claim 21 wherein said Lan represents 
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gadolinium. 

40. An integrated circuit as in claim 21 wherein said thin film is ferroelectric. 

41 . An integrated circuit as in claim 40 wherein said thin film forms part of 
a memory. 

5 42. An Integrated circuit as in claim 21 wherein said thin film forms part of 

a memory. 

43. An integrated circuit comprising: 
a substrate; and 

a thin film of a bismuth layered material formed on said substrate, wherein a 
10 lanthanide element is partially substituted for said bismuth in said bismuth layered 
material. 

44. An integrated circuit as in claim 43 wherein said thin film of a layered 
superlattice material also includes titanium. 

45. An integrated circuit as in claim 43 wherein said lanthanide comprises 
15 lanthanum. 

46. An integrated circuit as in claim 43 wherein said lanthanide comprises 
neodymium. 

47. An integrated circuit as in claim 43 wherein said lanthanide comprises 
dysprosium. 

20 48. An integrated circuit as in claim 43 wherein said lanthanide comprises 

gadolinium. 

49. An integrated circuit as in claim 43 wherein said thin film is ferroelectric. 

50. An integrated circuit as in claim 49 wherein said thin film forms part of 
a memory. 

25 51 . An integrated circuit as in claim 43 wherein said thin film forms part of 

a memory. 

52. A method of fabricating a memory device, said method comprising: 
providing a substrate; 
forming on said substrate a memory cell, 
30 said process of forming said memory cell on said substrate including 

spontaneously forming a layered superiattice material structure in a thin film, said 

Doc. No. 3338 

-46- 



13176.206 



layered superlattice material Including an element selected from the group consisting 
of cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium; and 
completing said memory on said substrate. 
5 53. A method of fabricating a memory device as in claim 52 wherein said 

layered superlattice material also includes bismuth. 

54. A method of fabricating a memory device as in claim 52 wherein said 
layered superlattice material also includes titanium. 

55. A method of fabricating a memory device as in claim 52 wherein said 
10 element comprises lanthanum. 

56. A method of fabricating a memory device as in claim 52 wherein said 
element comprises neodymium. 

57. A method of fabricating a memory device as in claim 52 wherein said 
element comprises dysprosium. 

15 58. A method of fabricating a memory device as in claim 52 wherein said 

element comprises gadolinium. 

59. A method of fabricating a memory device as in claim 52 wherein said 
layered superlattice material is ferroelectric. 

60. A method of fabricating an integrated circuit, said method comprising: 
20 providing a substrate; 

forming on said substrate a thin film of a layered superlattice material, said 
layered superlattice material including an element selected from the group consisting 
of cerium, praseodymium, neodymium, promethium, samarium, europium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium; and 
25 completing said integrated circuit on said substrate. 

61 . A method of fabricating an integrated circuit as in claim 60 wherein said 
layered superiattice material also includes bismuth. 

62. A method of fabricating an integrated circuit as in claim 60 wherein said 
layered superiattice material also includes titanium. 

30 63. A method of fabricating an integrated circuit as in claim 60 wherein said 

element comprises lanthanum. 
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64. A method of fabricating an integrated circuit as in claim 60 wherein said 
element comprises neodymium. 

65. A method of fabricating an integrated circuit as in claim 60 wherein said 
element comprises dysprosium. 

5 66. A method of fabricating an integrated circuit as in claim 60 wherein said 

element comprises gadolinium. 

67. A method of fabricating an integrated circuit as in claim 60 wherein said 
thin film is ferroelectric. 

68. A method of fabricating a ferroelectric memory, said method comprising: 
10 forming a first electrode on a substrate; 

forming a thin film of a ferroelectric layered superiattice material on said first 
electrode, said layered superiattice material including an element selected from the 
group consisting of cerium, praseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and 
15 lutetium; and 

forming a second electrode on said ferroelectric layered superiattice material. 

69. A method of fabricating a ferroelectric memory as in claim 68 wherein 
said layered superiattice material also includes bismuth. 

70. A method of fabricating a ferroelectric memory as in claim 68 wherein 
20 said layered superiattice material also includes titanium. 

71 . A method of fabricating a ferroelectric memory as in claim 68 wherein 
said element comprises lanthanum. 

72. A method of fabricating a ferroelectric memory as in claim 68 wherein 
said element comprises neodymium. 

25 73. A method of fabricating a ferroelectric memory as in claim 68 wherein 

said element comprises dysprosium. 

74. A method of fabricating a ferroelectric memory as in claim 68 wherein 
said element comprises gadolinium. 

75. A method of fabricating a ferroelectric layered superiattice material 
30 comprising the steps of: 

providing a substrate; 
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providing a liquid precursor including a plurality of metals suitable for forming 
a layered superlattice material, said metals including an element selected from the 
group consisting of cerium, praseodymium, neodymium, promethium, samarium, 
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and 
5 lutetium; 

applying said precursor liquid to said substrate; and 

treating said precursor on said substrate to form a layered superlattice material 
containing said metal on said first substrate. 

76. A method as in claim 75 wherein said precursor liquid comprises a metal 
10 compound selected from the group consisting of metal alkoxides and metal 

carboxylates. 

77. A method as in claim 75 wherein said precursor liquid comprises a metal 
compound including an alkoxide of one of said metals in said group. 

78. A method as in claim 76 wherein said liquid precursor comprises octane. 
15 79. A method as in claim 76 wherein said applying and treating comprises 

metalorganic chemical vapor deposition (MOCVD). 

80. A method as in claim 79 wherein said MOCVD is performed at a 
temperature of from 500°C to 850°C. 

81. A method as in claim 80 wherein said MOCVD is performed at a 
20 temperature of from 500°C to 700°C. 

82. A method as in claim 75 wherein said treating comprises a process 
selected from the group consisting of: exposing to vacuum, exposing to ultraviolet 
radiation, electrical poling, drying, heating, baking, rapid thermal processing (RTP), 
and annealing. 

25 83. A method as in claim 82 wherein said treating includes a step of drying 

at a temperature of 300°C or less. 

84. A method as in claim 82 wherein said treating comprises furnace 
annealing at a temperature of from 500°C to 750°C. 

85. A method as in claim 82 wherein said treating comprises RTP at a 
30 temperature of from 500°C to 750°C. 

86. A method as in claim 75 wherein said applying comprises a spin-on 
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87. A method as in claim 75 wherein said applying comprises a misted 
deposition process. 

88. A method as in claim 75 wherein said layered superlattice material also 
5 includes bismuth. 

89. A method as in claim 88 wherein said precursor contains bismuth in 
excess of the stoichiometric amount required to form said layered superlattice 
material. 

90. A method as in claim 75 wherein said layered superlattice material also 
10 includes titanium. 

91 . A method as in claim 75 wherein said element comprises lanthanum. 

92. A method as in claim 75 wherein said element comprises neodymium. 

93. A method as in claim 75 wherein said element comprises dysprosium. 

94. A method as in claim 75 wherein said element comprises gadolinium. 
15 95. A method as in claim 75 wherein said element comprises cerium. 
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